Introduction
(R)-(-)-Octopamine 1 is a potent chiral drug possessing β-adrenergic activity.
(R)-(-)-
Tembamide 2 and (R)-(-)-aegeline 3 are used in traditional Indian medicines and have been shown to have good hypoglycemic activity. 2 Recent studies have revealed that the two enantiomers of a chiral drug usually display different biological activities 3 and in most of the aryl ethanolamine drugs, the biological activity resides mainly in the (R)-enantiomer. 4 The growing need and interest in the asymmetric synthesis of these biologically useful molecules prompted us to take up their synthesis.
Various methods for the synthesis of optically active (R)-(-)-octopamine 1, 5 (R)-(-)-tembamide 2 and (R)-(-)-aegeline 3 6 have been documented. These include either tedious chemical and biological methods 7 or require the costly reagents and multistep processes with overall low chemical yields. 8 Recently the enzymatic reduction of α-bromo ketones 9a and α-azido ketones 9b has also been reported for their synthesis. Surprisingly there has been no report in the literature about the asymmetric synthesis of these compounds employing the Sharpless asymmetric dihydroxylation (AD) procedure. As part of our research program aimed at developing enantioselective syntheses of naturally occurring lactones, 10a-c and amino alcohols, considerable opportunities for synthetic manipulations. Herein we report a new and highly enantioselective synthesis of (R)-(-)-octopamine 1, (R)-(-)-tembamide 2 and (R)-(-)-aegeline 3 employing the AD reaction as the source of chirality. (2), and (R)-(-)-aegeline (3).
Results and Discussion
Scheme 1, depicts the synthetic route to (R)-(-)-octopamine 1 from the commercially available 4-hydroxybenzaldehyde (4 The synthetic route to (R)-(-)-tembamide 2 and (R)-(-)-aegeline 3 is shown in Scheme 2. The synthesis starts from 4-methoxystyrene (9), a commercially available starting material. Asymmetric dihydroxylation of 9 with (DHQD) 2 PHAL ligand gave the diol 10 in 93% yield and 97.5% ee. 13 Selective conversion of primary hydroxyl into tosylate 11 and nucleophilic displacement with NaN 3 gave the azido alcohol 12. Reduction of azide 12 by hydrogenation over 10% palladium on charcoal in methanol furnished the amino alcohol which on subsequent acylation with benzoyl chloride in presence of 50% aq. NaOH gave ( 
Conclusions
In summary, a practical and highly enantioselective synthesis of (-)-octopamine, (-)-tembamide and (-)-aegeline has been achieved for the first time employing the Sharpless asymmetric dihydroxylation as the source of chirality. Thus, the results described herein constitute a short and efficient route to (-)-octopamine, (-)-tembamide and (-)-aegeline. The synthetic approach can be further extended to the asymmetric synthesis of (S)-enantiomers via α-dihydroxylation of 5 and 9 and following the reaction sequence, as shown in Schemes 1 and 2. 1-(4-benzyloxyphenyl)-1,2-ethanediol (7) . To a solution of diol 6 (1.45 g, 5.94 mmol) in CH 2 Cl 2 (50 mL) was added pyridine (0.72 mL, 8.91 mmol) and stirred for 15 min at room temperature. The reaction mixture was cooled to -15°C and p-TsCl (1.133 g, 5.94 mmol) was added in three portions at time interval of 30 min. The reaction mixture was stirred for 8 h at -15°C and allowed to warm to room temperature. An aqueous solution of CuSO 4 .5H 2 O (10%, 20 mL) and EtOAc (100 mL) were added and stirred for 30 min. The organic layer was separated and the aqueous layer extracted with EtOAc (2 × 50 mL). The combined organic layers were washed (brine), dried (Na 2 SO 4 ) and concentrated. Silica gel column chromatography of the crude product using petrol ether:EtOAc (17:3) as eluent gave 7 (1. (R)-2-Azido-1-(4-benzyloxyphenyl)ethanol (8) . To a solution of 7 (618 mg, 1.55 mmol) in dry DMF (10 mL) was added NaN 3 (605 mg, 9.3 mmol) and stirred at 80°C for 4 h. The reaction mixture was cooled to room temperature and diluted with water and EtOAc. The organic layer was separated and the aqueous layer extracted with EtOAc (3 × 20 mL). The combined organic layers were washed (water and then brine) dried (Na 2 SO 4 ) and concentrated. The residue was purified by silica gel column chromatograpy using petrol ether:EtOAc (17:3) as eluent to give azido alcohol 8 (368 mg, 88%) as a colorless solid; mp 68−69°C [lit. 5 
2). (R)-(-)-Octopamine (1).
To a solution of azido alcohol 8 (302 mg, 1.12 mmol) in EtOH (10 mL) was added 10% Pd(OH) 2 (170 mg) on charcoal at room temperature and stirred under a hydrogen atmosphere (60 psi) for 18 h. The catalyst was filtered on a pad of celite and the filtrate concentrated and purified by silica gel column chromatography using n-BuOH/AcOH/H 2 O (3:1:1) as eluent to give (R)-(-)-octopamine 1 as colorless solid; mp 246-247°C [lit. After stirring for 5 min, 4-methoxystyrene 9 (3 g, 22.36 mmol) was added in one portion and the reaction mixture stirred for 18 h at 0°C. Solid Na 2 SO 3 (3g) was added and stirred for 1 h. The organic layer was separated and the aqueous layer extracted with EtOAc (3 × 100 mL). The combined organic layers were washed (brine), dried (Na 2 SO 4 ) and concentrated. The residue was purified by silica gel column chromatography using petrol ether:EtOAc (7:3) as eluent to give 10 (3. (12) . To a solution of 11 (500 mg, 1.55 mmol) in dry DMF (10 mL) was added NaN 3 (605 mg, 9.3 mmol) and stirred at 80°C for 4 h. The reaction mixture was cooled to room temperature and diluted with water and EtOAc. The organic layer was separated and the aqueous layer extracted with EtOAc (3 × 20 mL). The combined organic layers were washed (water and then brine) dried (Na 2 SO 4 ) and concentrated. The residue was purified by silica gel column chromatograpy using petrol ether: EtOAc (17:3) , 5.74; N, 21.75. Found: C, 56.1; H, 5.79; N, 21.59 .
(R)-(-)-Tembamide (2).
To a solution of azido alcohol 12 (500 mg, 2.58 mmol) in MeOH (5 mL) was added 10% Pd/C (20 mg) and the reaction mixture stirred at room temperature under hydrogen atmosphere (filled in a balloon) for 8 h. The catalyst was removed by filtration and the filtrate concentrated to give the amino alcohol. The residue was dissolved in CH 2 Cl 2 (4 mL) and a solution of 50% aq NaOH (713 mg) in water (5 mL) was added at 0°C and stirred for 15 min. To the reaction mixture was added a solution of benzoyl chloride (0.37 mL, 3.23 mmol) in dry toluene (2 mL) dropwise and stirred for further 1 h. The solvent was removed in vacuo and the residue was diluted with cold water and extracted with EtOAc (3 × 50 mL). The combined organic layers were washed (brine) dried (Na 2 SO 4 ) and concentrated. The residue was purified by silica gel column chromatography using petrol ether:EtOAc (1:1) to give 2 (645 mg, 92%) as
